Semi-empirical models of the solar Chromosphere show in their emission spectrum, tomography property at millimeter, sub-millimeter, and infrared wavelengths for the center of the solar disk. In this work, we studied this property in the solar limb using our numerical code PakalMPI, focusing in the region where the solar atmosphere becomes optically thick. Individual contribution of Bremsstrahlung and H-opacities was take into account in the radiative transfer process. We found that the tomography property remains in all the spectrum region under study at limb altitudes. For frequencies between 2 GHz and 5 THz the contribution of Bremsstrahlung is the dominant process above the solar limb.
Introduction
The limb radio emission of the Quiet Sun is characterized by a strong brightening at low frequencies (McCready et al., 1947) . Early studies to characterize the solar limb brightening found that this strong emission could extend until sub-millimeter wavelengths in the electromagnetic spectrum (Lindsey et al., 1995) . Theoretical modeling of the emission in the solar limb involves semi empirical models of the Chromosphere by focusing in the center of the solar disk (Vernazza et al., 1981; Avrett and Loeser, 2008; Heinzel and Avrett, 2012) . However, observations with high spatial resolution of the solar limb shows significant differences at low frequencies with respect to semi empirical models (Clark, 1994) .
If we analyze the Chromospheric emission in terms of the optical depth, we found that the atmosphere is observable at the frequency ν only for those altitudes higher than the region where τ ν <= 1. In this sense, using direct observations, τ ν ≈ 1 is an optical border to analyze the physical process in the radiative transfer (De la Luz et al., 2014) . The height where τ ν ≈ 1 depends on the frequency; in general, as higher the frequency as closer to the photosphere is the source of the emission. This is the tomography property of the Chromosphere at millimeter -infrared wavelength region (Shibasaki et al., 2011) . At different altitudes, it corresponds to different emissions and absorption processes, the observational ν range is related to the physical mechanism that originates the radiation.
In the center of the solar disk, De la Luz et al. (2011) found that for altitudes higher than 500 km above the photosphere the Bremsstrahlung is the predominant process for the millimeter -infrared range. However, for altitudes lower than 500 km, H-becomes the dominant process in the radiative transfer solution.
In this work, we analyzed the optical depth in the solar limb between 2 GHz and 10 THz to characterize the tomography property observed in the center of the solar disk but focused at limb altitudes. We also studied the physical processes at Chromospheric altitudes at the limb using the Chromospheric C07 model (Avrett and Loeser, 2008) .
The order of the paper is as follows: in section 2 we describe the geometry, in section 3 we introduce the Chromospheric model and the radiative transfer solution. Section 4 address the spectrum computations. Section 5 presents the results and Section 6 the Conclusions.
The Geometry
In Figure 1 , we introduce the 3D geometry used in this work (for more information see De la Luz et al. (2010) ). The geometry is characterized by the resolution of the image and the zoom parameter (Rt). The geometry is based in the principle of the vanishing point. The observer is located in the Earth at 1 UA from the Sun. The origin of our geometry is the center of the Sun and the z-axis is defined from the Sun to the observer. Using Rt and the resolution in pixels of the image (n) we can compute the angles alpha and beta related for each pixel in the 2D projection on the XY plane ( Figure 2 ). For each alpha and beta angles, we computed the set of points P in one line of sight. Each point in the line of sight is related to the distance r (distance between the center of the Sun and P ). Finally, with r we recovered the temperature and the density from the radial models.
In this work, we defined the "heigh above the limb (h)" as the distance over the Y-axis between the border of the Sun in the XY projection and this point.
The Model
Taking into account the 3D geometry at the solar limb, we used the C07 Chromospheric semi empirical model (Avrett and Loeser, 2008) 
Computations
We computed 2800 spectrums from 2 GHz to 10 THz. The set of spectrums was computed over the Y-axis from 696 Mm (1 R sun ) to 1413 Mm (717 Mm above the solar limb).
For each altitude we solved the radiative transfer equation over the z-axis to produce the final Brightness Temperature. The detailed information of the radiative transfer equation over the z-axis was stored in our database. With this information we computed for each altitude above the limb (y) and frequency (ν) the point in the z-axis where τ ν,y (z) = 1. This point is referred to as z 0 (ν, y), i.e. the distance from the Sun center to the observer where the atmosphere becomes optically thick for an specific frequency ν and altitude above the limb y. We also saved κ ν,y (z 0 ) for comparing Bremsstrahlung and H-separately to further analysis. Figure 3 shows the computed z 0 (ν, y) (in colors) between 2 GHz and 10 THz (X-axis in the plot) versus altitudes above the limb (Y-axis) between 0 and 2100 km. This figure shows the optically thick borders with respect frequency and altitude above the limb. At high frequencies the values of z 0 (ν, y) converges to 0. This plot provide us the distances over the z-axis where the atmosphere becomes optically thick for both: frequency and altitudes above the limb. For example, for the case of 500 km above the limb, we observed that z 0 ≈ 52 km remains constant for frequencies between 2 and 200 GHz. At frequencies higher than 200 GHz z 0 drops to lower values. We observed similar behaviour for all frequencies and altitudes under study. The Figure  3 shows the tomographic property of the solar limb at millimeter -infrared range.
Results
The same case for the Figure 4 , in this figure we plotted z 0 (ν, y) between 0 km and 20 km (in z-axis). For z 0 (ν, y) < 0 the value of τ ν (z) never reaches 1, i.e. the atmosphere is optically thin for all the line of sight. This figure shows the theoretical observational limit in the frequency range under study.
The Figure 5 shows the percentage of Bremsstrahlung contribution in the total opacity at z 0 (ν, y). We found that all the radio -infrared emission at the limb is originated by Bremsstrahlung process, even at high frequencies.
We analyzed the case of the opacity at z = 0 to compare with our results for z 0 . The Figure 6 shows the contribution of H-in the total opacity. In this case, H-contributes 50% or more for altitudes lower than 500 km above the limb for all the frequencies. For high altitude the contribution of H-decrease slowly.
Conclusions
Using the C07 model as atmospheric input conditions, we computed the optical depth and the opacity contribution (for Bremsstrahlung and H-processes) at solar limb altitudes for the millimeter -infrared spectral range. We showed that the theoretical tomography property for limb altitudes remains valid at this wavelength range. We also showed that although the Bremsstrahlung process is the main responsible of the final emission at z 0 (ν, y) the H-emission plays a significant role in the emission and absorption process around depths at z = 0. The results also showed that for altitudes higher than 500 km above the limb, the Bremsstrahlung is the dominant emission throughout the ray path integration (over the z-axis).
We compared observations in Hα from the spicules at the limb (Skogsrud et al., 2014) and observations at sub-millimeter wavelengths (Clark, 1994) against theoretical emission. We found differences of 4 Mm (for Hα observations) and 12 Mm at 20 GHz (De la Luz, 2015).
These differences are significant due the fact that Chromospheric altitudes computed with semi-empirical models are around 2.5 Mm. However, at high frequencies the observations and the models predict similar radii.
We conclude that the extended emission at low frequencies observed in Clark (1994) could be explained with a extended Chromosphere that includes only Bremsstrahlung emission, i.e. temperatures higher than 10,000 K (Hydrogen temperature of ionization at Chromospheric conditions) with densities of around 1e11 cm −1 in a wider Chromosphere than the computed in the center of the solar disk.
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